This electronic database is a collection of 225 sets of data on mutations in more than twenty-three thousand mutants (October, 1995) in eleven bacterial genes, five mammalian genes and one gene in yeast cells. Each dataset consists of the changes in DNA sequence in the mutants, typically tens to hundreds, induced by mutagenesis of a particular cell line under specific conditions. The database is available on the Internet and on diskettes, and is periodically updated. Researchers are invited to submit additional data. A data entry program, MUTSIN, is available that diagrams each mutation on the computer screen as entered and alerts the user to any inconsistency between the entry and the wild type gene sequence.
INTRODUCTION
This database is a collection of sets of data, each set comprising the changes in DNA sequence in a group of mutants induced by mutagenesis of a particular cell line under specific conditions. Genes included in the database are genes that have been extensively used in mutagenic studies ( Table 1 ). The intention is to bring together in a uniform format a large and representative sample of mutational sequence changes in various genes and in various cells. The database should be useful to those interested in many aspects of mutagenesis, especially those wanting information on the kinds of mutations induced by particular mutagenic agents, and which mutagens cause specific kinds of mutations.
The way in which the data are presented is determined by the sheer size of the database, >23 000 mutants as of October, 1995. This number of mutants is simply too large for the familiar tabular text file: the data for the lambda phage repressor (cI) gene alone take up eleven pages printed in a high density (line printer) font, with references listed in a separate table. If any reasonable fraction of the database is to be utilized, it is almost essential to use a computer.
Thus, the main elements in this database are tables in the widely used microcomputer format dBASE III. This format is readily accepted by any of a number of easy-to-use and inexpensive commercial database programs for desktop computers (either IBM-compatible or Macintosh) of the kinds widely used for word processing. Examples of such programs include dBASE, Paradox, Access or Fox-Pro, as well as spreadsheet programs such as Excel or Quattro Pro. In the simplest case, researchers can load appropriate parts of this database into any of these programs, and print out selected data as text files without difficulty. Most researchers will soon learn other features of database programs, and gradually make more and more use of the potential of a computerized database.
This database is a suitable place for research workers to deposit sets of data on mutational sequence changes. Bringing such datasets together in one place and in a common format has a synergistic effect: a researcher can consult the database to help interpret newly obtained sequence data; in turn, adding new results to the database increases the likelihood that they will be used by other workers in the future. Most of the recent growth of this database has come from submission of data in electronic form from the authors. With the knowledge of the organizers, we have converted earlier versions of the databases for the human p53 (1) and factor IX (2, haemophilia B) genes into our format so that these data can be scanned along with the others. We have taken various steps to encourage others to submit data in electronic form, as detailed below.
ORGANIZATION OF THE DATABASE
Computer programs for data of this kind are usually relational databases. Data are entered in a series of tables, and the design of the program is such that an entry in any one table is readily related to data in any of the others.
In this database there is a MUTSET table with a record, characterized by a unique Set_no (WOO7-076 in Table 2 ), for each set of mutants obtained under specified conditions-e.g. mutations induced by 40 J/m 2 of ultraviolet light in the cI repressor gene of lambda phage incorporated as a prophage in the Escherichia coli genome. Detailed information on the sequence change in each individual mutation-location, kind of mutation, number of mutations, etc.-is in a second dataset table (Table 3) , unambiguously related to the appropriate entry in MUTSET by the Set_no. The use of two tables enormously simplifies data entry and the database. The data in a MUTSET record (which are common to each mutation in the dataset) are entered only once and are stored in the computer in only one place, thus eliminating errors from contradictory data in different locations. Dataset tables for mammalian genes (Table 4 ) are similar to those for bacterial genes, but differ somewhat because of the intron-exon structure of the former. The mutations are linked unequivocally to a particular gene sequence in an annotated sequence file for each gene; these sequences are included as part of the database.
In some cases, it is desirable or necessary to store additional data on specific mutations: e.g. for a mutation in the human factor IX (haemophilia B) gene, information about the patient. The easiest way is with a supplementary table (Table 5 ) in which such data are related to the specific mutation by a Set_no and a mutant ID number. In this way, all datasets can have the format either for a bacterial or mammalian gene, which has advantages that are discussed below.
The MUTSET table
Each record in MUTSET.DBF describes the conditions under which a set of mutations was generated (Table 2 ). (The extension .DBF signifies that the file is in dBASE format.) Most of the fields are obvious. The unique Set_no identifies the dataset, and is a mnemonic made up of the first three letters of the first author's name, the last digit of the year of publication, a dash, and an arbitrary combination of any three letters or numbers-e.g., WOO7-076. The Gene field uses whenever possible the gene name from the GenBank/EMBL sequence databases, and is limited to eight characters. Mut_condit gives information about the conditions under which the gene was mutagenized-on the chromosome or on a plasmid, on single-or double-strand DNA, etc. Assay is for relevant information about the assay used to detect the mutations: for example, an assay limited to amber or ochre mutations only, dominant mutations only, etc.
Datasets for bacterial genes
All datasets for the bacterial gene GENE are in the file named GENE.DBF (Table 3 ). The bases are numbered by whatever system used by those studying the gene; fortunately, nearly all researchers working with any particular gene use the same system, although the scheme differs from one gene to another.
Many mutations involve more than one base: e.g., the sequence AC replaced by TT (see Table 3 ). To minimize the number of conventions that must be remembered in using the database, two base numbers are given, the first or most 5′ base affected (e.g., Base_5 = 25 for the AC>TT mutation in Table 3 ), and the last or most 3′ (Base_3 = 26). If only one base is affected, as in a base change or single base deletion, there is only an entry in Base_5.
The location of an insertion is specified by the base numbers of the flanking bases, with additions inserted between them (Table  3 , next to bottom line). While not logically consistent with the numbering of base changes and deletions (above), this convention appears to be self-evident to users.
Mut_ID is a mutant identification number, which may or may not be given. A Mut_ID entry is essential when two or more well separated mutations occur in the same mutant-e.g., the two mutations at Base_5 20 and 77 that both occur in the mutant with Mut_ID 2 (Table 3) .
Datasets for mammalian genes
The intron-exon structure of mammalian genes creates two complications. First, three categories of mutational data are reported: (a) sequence changes for cDNA only, including sequence changes in exons and the results of changes in mRNA splicing; (b) sequence data for cDNA, plus sequence data for mutations causing effects such as altered mRNA splicing; and (c) sequences for chromosomal DNA only, with no information on splicing. Second, bases in a gene can be numbered in two ways: consecutively through exons and introns from one end to the other, or as in the cDNA.
In this database, the primary numbering system for bases in exons and introns of mammalian genes is as in the GenBank/ EMBL sequence in the file GENE.MSQ. In addition, the conventional numbering for bases in the gene is also given. Thus, there are altogether four fields for base number in a mammalian dataset (Table 4) : Base_5 and Base_3 are for base numbers according to the conventional system, whether as in cDNA or consecutively (note that consecutive numbers in the conventional system sometimes have a different origin than the GenBank/ EMBL sequence); File_5 and File_3 number bases according to the GenBank/EMBL sequence. (For a gene in which bases are conventionally numbered as in the GenBank/EMBL sequence (e.g., hamster aprt), Base_5 and File_5 are the same, also Base_3 and File_3.)
If both cDNA and the relevant parts of introns have been sequenced (b, above), mutations in both exons and introns are entered as in Table 4 . Changes in the cDNA caused by mutations affecting mRNA splicing, such as loss of an exon (Table 4 , lines 8 and 9), are entered in a field named Effect; such changes are a significant fraction of all mutations in mammalian genes. The Effect field has been added to mammalian dataset tables since the 1994 version of the database (3), primarily as a place to record splicing errors; it can also be used for other effects of a mutation, such as the change in amino acid.
If only the cDNA has been sequenced (a, above), splicing errors can be described in the Effect field, but not the mutations which caused the changes. If only chromosomal DNA was sequenced (case c), the mutations can be reported, but not changes in splicing.
Gene sequences
For all mutations in this database, the reference sequence for each gene is in the annotated text file GENE.MSQ (for Mutation-related SeQuence). These sequences are made part of the database because there can be complications, as, e.g., in hamster aprt.
Much mutational data in this gene is based on a GenBank sequence (accession number X03603) which has two errors (M. Meuth, personal communication) which have been corrected in HAMAPRTG.MSQ. Other data are based on a sequence (4, not in GenBank) which numbers the nucleotides differently because of differences in the length of certain C,G-rich regions in introns. Since both sequences were of DNA from the same cell line (D422) obtained from the same laboratory, the differences are probably in the sequencing of notoriously tricky C,G-rich regions of introns that presumably were not sequenced as carefully as the exons. All hamster aprt mutations in the database are numbered as in HAMAPRTG.MSQ, not as in the papers using the de Boer et al. sequence (4) .
The relation between the conventional base numbering system for each gene and that for the GenBank/EMBL sequence is defined in annotations to the file.
Standard format for dataset tables
There is a separate dataset table for each gene, so a worker interested in a particular gene can easily get the relevant data. All datasets are either in the format for bacterial (Table 3) or mammalian (Table 4 ) genes, so any number of one kind can readily be combined to facilitate manipulation by computer of large amounts of data.
Supplementary tables
There is sometimes essential or desirable information about mutants beyond that included in the standard dataset, such as data about the patient in which particular human mutation was found. A uniform structure for dataset tables can be preserved by putting such information in a supplementary table (Table 5) . Each mutant in the dataset must have a unique Mut_ID identifying the corresponding entry in the supplementary table. For example, consider a mutant with Mut_ID 139 in the GIA3-789 dataset for mutations in the human factor IX (haemophilia B) gene; in the supplementary table named for the dataset, GIA3-789.DBF, there is a record (Table 5 ) with the name of the patient in which the mutation was found, clotting times, antigen levels, etc. Each supplementary table can be tailored to fit the requirements for that particular set of data. 
Changes in the database since 1994
The only change in the database from the 1994 version (3), aside from addition of data, is a modification of the dataset tables for mammalian genes, primarily by addition of the Effect field.
ENTRY OF DATA INTO THE DATABASE
Researchers who have determined mutational sequence changes are urged to enter the results into an appropriate database; these data are almost always of use to other investigators, and the usefulness is greatly increased by bringing the information together in a common format. As mentioned above, recent growth of this database is mostly from submissions by the authors of data in electronic form. Although we now have experience in converting electronic data from various formats, it is of enormous help if the data are in a format close to that described in this article, in dBASE III if possible.
The MUTSIN program
A program, MUTSIN.EXE, is included to encourage authors to submit data in an electronic form that can be added to the database directly. The program is written in C and will run on any IBM-compatible computer. The program helps minimize errors by displaying, during entry, each mutation directly on the wild type gene sequence (Fig. 1) . In addition, MUTSIN routinely checks each entry for consistency with the wild type sequence, and prompts the user to make corrections as needed. The program also indicates when a base change mutation does not change the amino acid, which can suggest a possible error. The importance of these error-checking features must be stressed: we have found errors of kinds that can be detected-e.g. a C>G base change at an A:T base pair-at a rate the order of a few per hundred in mutational sequence data in published papers. We routinely use MUTSIN to enter new data into electronic form, then transfer into the database.
Beyond its capabilities as a data entry program, MUTSIN.EXE can be used to store and carry out simple manipulations on data during data collection. The program can do simple sorting, and can print out sorted data in tabular form. It is fully described and documented in MUTSIN.DOC in the database. 
AVAILABILITY OF THE DATABASE
This database is available on the Internet. The files can be retrieved by anonymous FTP to nath1.med.yale.edu. The database files are located in a directory named mutsdata ([.mutsdata] on a VMS computer, /mutsdata on a UNIX computer). Files with extensions .DBF or .EXE are binary files, so appropriate FTP settings must be used. The database is also available on the World Wide Web. The URL is ftp://nath1.med.yale.edu/mutsdata/. A copy of the database may also be obtained by sending a request to the authors and two 3.5′′ diskettes (1.4 MB) formatted for either an IBM-compatible or Macintosh computer.
Users of this database should cite this article as the reference.
